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    本文还深入研究了锂镍氧系列电极材料的贮存性能问题，首次提出了锂镍
氧系列电极材料贮存期间性能变质的反应机理。LiNiO2电极材料在空气中贮存




长期贮存的 LiNiO2电极材料将在表面形成一层包含 Li2CO3、H2O 、CO2以及




























































Synthesis, Structure and Performance of Li-Ni-M-O Compounds as 
Cathode Materials for Lithium Ion Batteries 
 
 
    LiNiO2-based compounds are promising candidates of cathode materials for 
lithium ion batteries. A study on the synthesis, structure and performance of 
LiNiO2-based compounds as cathode materials for lithium ion batteries was carried 
out systemically and in detail in this dissertation.  
    As the first step of this study, a sol-gel method using citric acid as a chelating 
agent was developed. The reaction conditions in sol-gel process, pre-calcination 
process and calcination process, especially sintering temperature and sintering time 
in calcinations process, were analyzed and optimized carefully. LiNi0.8Co0.2O2 
cathode material，which was synthesized with 10% excess lithium under 800 ml/min 
oxygen flow and 725℃ for 24 hours，shows a high initial discharge capacity of 
181mAh/g at 0.1C current between 3.0V and 4.2V, and good capacity retention of 
83% after 50 cycles. 
    After that, a series of Co-doped LiNiO2 compounds was synthesized using the 
optimized sol-gel method. The effects of Co-doping on the structure and 
performance of LiNiO2 cathode material were investigated systemically. The results 
show that cationic displacement is decreased in Co-doped materials. The phase 
transitions of LiNiO2 during cycling are suppressed by Co doping. The structural 
stability of delithiated cathode materials is also increased after Co doping. Therefore, 
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LiNi0.8Co0.2O2 compound is thought the most promising candidate of cathode 
material for lithium ion batteries, although its thermal stability and cycling 
performance still need to further improve. 
    As an improved way, Ti-doped LiNi0.8-yTiyCo0.2O2 cathode materials were 
synthesized. The effects of Ti doping on the structural, electrochemical and thermal 
properties of LiNi0.8Co0.2O2 cathode material were studied systemically and in detail. 
Improved cycling performance and enhanced thermal stability are observed for 
Ti-doped cathode materials. These positive effects are attributed to the changes of 
cationic distribution and chemical bonds in the structure of Ti-doped materials. A 
significant suppression of phase transitions and lattice changes during cycling is 
occurred for Ti-doped materials, and a decrease of interface reaction activity 
between the cathode and electrolyte is also demonstrated for Ti-doped cathodes. As a 
result, the capacity losses, which are originated from structural changes and interface 
reactions during cycling, decrease and thereby cycling life increases for Ti-doped 
materials. Meanwhile, the structural stability of delithiated cathode materials is also 
improved by Ti doping. It results in the suppression of thermal decomposition 
reaction of delithiated cathode material, which will produce heat and oxygen gas as 
the fuse of electrolyte decomposition and combustion reaction. Hence, thermal 
stability of delithiated cathode material is also enhanced by Ti doping. 
    Storage performance of LiNiO2-based materials was also investigated in depth 
in this dissertation. A deterioration mechanism of LiNiO2 during storage was 
proposed at the first time. LiNiO2 shows a distinct deterioration after storage in air 
for a period of time. Li2CO3 is observed on the surface of stored materials, 
accompanied with the adsorption of H2O and CO2. The spontaneous reduction of 
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during storage. The corresponding oxidization of lattice oxygen O2- to active oxygen 
species (O-, O2-) is thought to the direct cause of formation of Li2CO3 and adsorption 
of H2O and CO2 on the surface of stored materials. After storage for a long time, a 
layer of Li2CO3 and absorbed species (H2O, CO2 and O2-) will appear on the surface, 
and a thin NiO-like layer will be formed on the near surface of LiNiO2 material. The 
two layers result in the degradation of LiNiO2 cathode material. Therefore, 
preventing the reduction of Ni3+ to Ni2+ and isolating the material with H2O and CO2 
are two ways to improve the storage performance of LiNiO2 material. The study 
indicates that Co and Ti doping only improve slightly the storage performance of 
LiNiO2-based materials, and keeping in inert gas is maybe a practical way to store 
LiNiO2-based materials. 
    In this study, Rietveld method was used to refine XRD patterns and extract the 
structure information, which exert the ability and extend the application of XRD 
technique in the field of solid-state electrode materials. TPD-MS technique was 
applied to study the thermal decomposition mechanism for the first time, which is 
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1.1 锂离子电池简介  
1.1.1 锂离子电池的发展历程 
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180Wh/kg，是 Ni-Cd电池的 3倍，Ni-MH电池的 1.5倍；⑶ 循环寿命长：通
常具有大于 1000次的循环寿命，在低放电深度下可以达到几万次，超过其它二
次电池；⑷ 无记忆效应；⑸ 具有快速充电能力；⑹ 自放电率小，月自放电率





Fig. 1.1 Comparison of the different secondary battery technologies in terms of 
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纪 80 年代末 90 年代初，才提出以两种不同嵌入化合物为电极的“摇椅式”
电池概念，并且发现过渡金属氧化物和碳材料可以作为可逆的锂离子嵌入脱
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